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1,4 -Diazaﬂavone pigment (2) was synthesized by a simple environmentally friendly microwaveassisted one-pot method for the cyclization of 2 -amino (E)-4 -aza-chalcone (1) under solventless conditions using K-10 clay. In addition, 10 new N-alkyl (C5−12,14−15 ) substituted 1,4 -diazaﬂavonium bromide
pigments (3-12) were prepared from compound 2 or directly from compound 1, with corresponding alkyl
halides in acetonitrile under reﬂux. The anti-microbial activity of compounds 1-12 was tested. The Nalkyl substituted 1,4 -diazaﬂavonium bromides (3-12) showed good antimicrobial activity against the
gram-positive bacteria tested with minimal bactericidal concentration (MBC) values for the reference
antibiotic kanamycin. The optimum length of the alkyl chain for better and broader activity was 6-10
carbon atoms in the series of compounds (3-12).
Key Words: Microwave-assisted, aza-chalcone, 1,4 -diazaﬂavone, N-alkyl-1,4 -diazaﬂavonium bromide, anti-microbial activity, pigment (3-12).

Introduction
Microwave irradiation with the use of catalyst reagents under solvent-free conditions has become a very
powerful tool for organic synthesis in recent years1−3 and has attracted many organic chemists. Unlike
thermal reactions, these reactions take place selectively in a short time and result in higher product yields.1,2
Flavones constitute a class of naturally occurring substances widely distributed in the plant kingdom and display various pharmacological activities.4 Interest in ﬂavones results, in particular, from the
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conspicuous vivid and beautiful colors these pigments impart to various plant parts.4 1,4-Diazaﬂavone [2(4-pyridyl)-4-quinolinone] is analogous to ﬂavones4 and azaﬂavones,5−8 with an annular nitrogen atom in
the phenyl ring. The quinoline ring system is found in a variety of organic compounds, such as dyes and
pharmaceuticals.7−9 Multiple methods have been reported for the synthesis of 2-aryl-4-quinolinones.9−14 In
the literature, microwave-assisted cyclization of 2 -amino (E)-chalcone gave 1-azaﬂavanones;1−3,5,6 however,
the synthesis of 1,4 -diazaﬂavone pigment starting from 2 -amino (E)-4 -aza-chalcone by microwave-assisted
methods has not been reported. 1,4 -Diazaﬂavone has been synthesized by the reaction of 2-bromo acetophenone with 4-pyridyl amide in solution.10
As a result of our research on the synthesis of 1,4 -diazaﬂavone pigment with chemical and biological
interest from 2 -amino (E)-4-aza-chalcone, we report an eﬃcient and simple method for the synthesis of 1,4 diazaﬂavone pigment through the cyclization of the corresponding 2 -amino (E)-4 -aza-chalcone using K-10
clay under solvent-free conditions by microwave irradiation (Figure). The catalyst can be easily removed
from the reaction mixture and works under heterogeneous conditions.
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Figure.

Aza-chalcones and their N-alkyl derivatives are reported to have a wide range of biological activity,
such as anti-bacterial, anti-tuberculostatic, and anti-inﬂammatory potential.8,15−20 In view of our continuous
interest in anti-microbial agents, we want to synthesize various N-substituted-1,4 -diazaﬂavonium bromide
pigments. In order to more eﬀectively evaluate the structural requirements for activity, we wanted to determine the inﬂuence of 2 structural modiﬁcations on the anti-microbial activity of N-alkyl-1,4-diazaﬂavonium
bromides. These modiﬁcations, i.e. the length of the carbon chain in the N-alkyl substituent and the lack
of the hydrophilic bromine atom at the end of the N-alkyl substituent, change both the electronic distribution and the lipophilic balance of the molecules (3-12). Due to this, N-alkyl (C5−12,14−15) derivatives of
1,4 -diazaﬂavone pigment were synthesized and their anti-microbial activity was measured.
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The present work deals with the synthesis, spectral characterization, and results of anti-microbial
activity assays of 2 -amino (E)-4-aza-chalcone (1), 1,4 -diazaﬂavone (2), and N-alkyl (C5−12,14−15) 1,4 diazaﬂavonium bromide pigments (3-12).

Experimental
General
NMR spectra were recorded with a Varian Mercury NMR at 200 MHz in CDCl3 -CD3 OD (10:1). NMR
data assignment was based on 1 H, 13 C, APT, 1 H-1 H COSY, and the ACD NMR program. Mass spectral
analysis was carried out with a Micromass Quattro LC-MS/MS spectrophotometer. Elemental analysis was
performed with a Costech ECS 4010 instrument. Infrared spectra were obtained with a Perkin-Elmer 1600
FT-IR (4000-400 cm−1 ) spectrometer. Melting points were determined using a Thermo-var apparatus ﬁtted
with a microscope and are uncorrected. UV-Vis spectral analysis was carried out with a Unicam UV2100 at 25 ◦ C. The reactions were performed in a DBK manual microwave instrument (750 W). Thin-layer
chromatography (TLC) was performed with Merck pre-coated 60 Kieselgel F254 analytical aluminum acidic
or basic plates.

Materials and Methods
o-Amino acetophenone, 4-pyridine carbaldehyde, and bromo alkanes (C5−12 , C14−15) were purchased from
Aldrich/Fluka and used without further puriﬁcation. The solvents (chloroform, n-hexane, ethanol, methanol,
acetonitrile, ethyl acetate, and diethyl ether) used were either of analytical grade or bulk solvents distilled
before use. The known compound (1)25 was prepared according to the literature26 (Rf = 0.6, ethyl acetate).

General Procedure for the Synthesis of Compound 2
2 -Amino (E)-4 -aza-chalcone (1) (0.02 mol each) was dissolved in chloroform and was uniformly adsorbed
on the surface of K-10 clay3 (1 g) in a Pyrex round-bottomed ﬂask. The solvent was evaporated under
vacuum, and then the adsorbed material was transferred to a Teﬂon bath (2 cm diameter, 10 mL) and
inserted in a larger silica (neutral alumina) Teﬂon bath (5 cm diameter, 30 mL) inside a microwave oven.
The mixture was irradiated for 2 min in a microwave oven at 700 W. The reaction mass was dissolved in
methanol and ﬁltered oﬀ. The extracts were evaporated to leave crude mixtures, which were then puriﬁed by
column chromatography over silica (ethyl acetate-methanol 3:1, 3:2, or 2:4) to aﬀord the pure corresponding
product (2) in high yield (82%).

2-Pyridin-4-ylquinolin-4(1H)-one or 1,4 -Diazaﬂavon, 2
Dark red amorphous solid; see the physico-chemical data for compound 2 in Table 1.
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General Procedure for the Synthesis of Compounds 3-12
2 -Amino (E)-4 -aza-chalcone (1) or 1,4 -diazaﬂavone (2) (0.02 mol each) and n-bromo alkanes (1-bromo
pentane, 1-bromo hexane, 1-bromo heptane, 1-bromo octane, 1-bromo nonane, 1-bromo decane, 1-bromo
undecane, 1-bromo dodecane, 1-bromo tetradecane, and 1-bromo pentadecane, 0.05 mol each) in acetonitrile
(30 mL) were reﬂuxed separately for 6-12 h.16−17 Upon completion of the reaction, followed by TLC
examination, the acetonitrile was removed using a rotary evaporator and the residue was puriﬁed by column
chromatography (column length: 30 cm; diameter: 2 cm) on Merck silica gel (25 g, 230-400 mesh). The
column was eluted successively with the following solvent and solvent mixture: ethyl acetate (30 mL), ethyl
acetate-methanol (3:1, 20 mL and, 3:2, 20 mL), and methanol (30 mL), then methanol-water (4:1, 30 mL).
Fractions (5-10 mL each) were collected and monitored by analytical TLC. The desired dark red amorphous
solids (3-12) were obtained from fractions 8-18 (yields are shown in Table 1). A small quantity of compound
2 was also obtained from fractions 3-6.

4-(4-Oxo-1,4-dihydroquinolin-2-yl)-1-alkyl(C5−12,

14−15 )-1,4 -diazaﬂavonium bromide, 3-12

14−15)pyridinium

bromide or N-alkyl (C5−12 ,

Dark red amorphous solids; see the physico-chemical data for compounds 3-12 in Table 1.

Anti-Microbial Activity and Microbial Strains
The extracts were tested individually against 11 gram-positive and gram-negative bacteria species. The
bacterial strains used in this study were obtained from the American Type Culture Collection (ATCC)
and were as follows: B. subtilis (ATCC 6633), E. faecalis (ATCC 29212), S. aureus (ATCC 25923), S.
epidermidis (ATCC 12228), E. coli (ATCC 25922), K. pneumonia (ATCC 13883), P. aeruginosa (ATCC
27853), P. vulgaris (ATCC 13315), S. typhimirium (ATCC 14028), Y. pseudotuberculosis (ATCC 911), and
E. cloaceae (ATCC 13047). All synthesized compounds were weighed and dissolved in methanol to prepare
extract stock solutions.

Determination of the In Vitro Anti-Microbial Activity by the Disk Diﬀusion
Method
The antimicrobial activity of each synthetic compound was determined by means of the disk diﬀusion
method.21−24 Cultures of each bacteria were transferred to Mueller-Hinton broth to an OD625 = 0.08-0.1
(approximately 1 × 107 -1 × 108 CFU/mL), inoculated and incubated at 37 ◦ C for 24 h in Mueller-Hinton
broth, then adjusted to OD625 = 0.08-0.1 (approximately 1 × 107 -1 × 108 CFU/mL). Then, 100 μL of
each suspended compound was placed onto the surface of Mueller-Hinton agar in a 60-mm petri dish and
spread homogeneously with a Drigalski tip. Disks (6.0 mm diameter) were impregnated with 10 μL of a test
compound (listed in Table 4 with μg/disk) and placed on the surface of the agar containing each bacterium,
which was incubated at 37 ◦ C for 24 h. The inhibition zones were measured with calipers, considering the
total diameter. Similarly, each plate carried a blank disk containing 10 μL of methanol and an antibiotic
disk (300 μg of kanamycine). Each experiment was performed in triplicate.
789

Microwave-Assisted Synthesis of 1,4 -Diazaﬂavone..., N. YAYLI, et al.,

Microwell Dilution Assay
After determining the anti-microbial activity of all the compounds by the disk diﬀusion assay, MBC of
eﬀective compounds was determined by microwell dilution assay. The inocula of the bacterial strains were
prepared from 12-h broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. The
extracts dissolved in methanol were ﬁrst diluted to the highest concentration (400 μg/mL) to be tested,
and then serial 2-fold dilutions were made to obtain a concentration range of 6.25-400 μg/mL in 1 mL
sterile test tubes containing Mueller-Hinton broth. MBC values of the synthetic extracts against bacterial
strains were determined on the basis of a microwell dilution method.21 The 96-well plates were prepared
by dispensing 100 μL of Mueller-Hinton broth containing the inoculum into each well. Then, 100 μL from
the stock solutions of synthetic extracts prepared at the 400 μg/mL concentration was added into the ﬁrst
wells. Then, 100 μL from the serial dilutions was transferred into the 7 consecutive wells. The last well
containing 200 μL of Mueller-Hinton Broth without compound and with the inoculum on each strip was used
as a negative control. The ﬁnal volume in each well was 200 μL. Kanamycine in the concentration range of
6.25-400 μg/mL was prepared in Mueller-Hinton broth and used as a standard drug as a positive control.
The plate was covered with a sterile plate sealer. The contents of each well were incubated at 37 ◦ C for
24 h. Microbial growth in each medium was determined by reading the respective absorbance (Abs) at 600
nm using a spectrophotometer (Molecular Devices, SpectraMax M2) and was conﬁrmed by plating 10-μL
samples from each well on Mueller-Hinton agar medium. The extract tested in this study was screened twice
against each organism. The results are shown in Table 4.

Results and Discussion
In the present study 2 -amino (E)-4 -aza-chalcone (1) was prepared with the Claisen-Schmidt condensation21,22
of an appropriate 2-amino acetophenone with 4-pyridine carbaldehyde and 2 equivalents of NaOH solution
(EtOH, 95%), and yielded the trans-isomer of the corresponding α,β-unsaturated ketones (1) according to
the route indicated in the Figure.
2 -Amino-4-aza-chalcone is a valuable intermediate for the construction of 1,4 -diazaﬂavone. Hence,
we attempted to synthesize 1,4 -diazaﬂavone using K-10 clay under solvent-free conditions for the cyclization
of 2 -amino (E)-4 -aza-chalcone by using microwaves, which furnished the 1,4 -diazaﬂavone (2) in 82% yield
(Figure).
N-Alkyl derivatives of aza-chalcones attract widespread interest because many of them have exhibited
a wide range of biological activity.8,15−18 An attempt to synthesize N-alkyl derivatives of compound 1 with
alkyl bromide (C5−12,14−15) in boiling acetonitrile did not succeed, but the resulting products were N-alkyl
derivatives of 1,4-diazaﬂavone (3-12) (Figure). Alkylation of compound 2 with decyl bromide in boiling
acetonitrile gave the same compound 8.
All the synthesized compounds (1-12) were characterized on the basis of spectral data studies (1 H,
13
C, APT, 1 H-1 H COSY NMR, ACD-NMR, FT-IR, UV, LC-MS/MS, and elemental analysis), whose results
are in agreement with the proposed structure (Tables 1-3).
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Anti-Microbial Activity
The anti-microbial activity of compounds 1-12 and kanamycine was assayed against the gram-positive (G+)
(Bacillus subtilis: Bs, Staphylococcus epidermidis: Se, Staphylococcus aureus: Sa, and Enterococcus faecalis:
Ef,) and gram-negative (G–) (Escherichia coli : Ec, Klebsiella pneumonia: Kp, Pseudomonas aeruginosa:
Pa, Proteus vulgaris: Pv, Salmonella typhimirium: St, Yersinia pseudotuberculosis: Yp, and Enterobacter cloaceae: Ecl) microorganisms. Anti-microbial activity of the studied bacteria was qualitatively and
quantitatively assessed by evaluating the presence of inhibition zones and minimal bactericidal concentration (MBC) values.21−24 All the compounds, except 1 and 2, showed anti-microbial activity against G+
bacteria; however, none of the compounds showed anti-microbial activity against the G– bacteria tested.
Compounds 1 and 2 were inactive against all test microorganisms and the results are given in Table 3. The
maximum inhibition zones and MBC values for the bacterial strains that were sensitive to the synthetic
extracts (3-12) were in the range of 3.5-12 mm, and from 6.25 μg/mL to 200 μg/mL, respectively (Table
4). It is clear that the length of the alkyl chain inﬂuenced the broadening of the spectrum of anti-microbial
activity and MBC values of the investigated compounds. The optimum length of the alkyl chain for better
and broader activity was 6-10 carbon atoms in the series of compounds (3-12).
Table 4. Screening for the anti-microbial activity of compounds 1-12.

Comp. No

Amount

Anti-microbial activity of compounds 1-12 on G+ microorganisms

(μg/disk)

(ID, mm; MBC, μg/mL)
Se
Sa
ID
MBC
ID
MBC

ID

Bs
MBC

ID

Ef
MBC

1

300

-

-

-

-

-

-

-

-

2

300

-

-

-

-

-

-

-

-

3

225

-

-

11

150-100

7.5

100-75

-

-

4

300

10.5

50-25

13

12.5-6.25

10.5

12.5-6.25

-

-

5

130

7.5

25-12.5

11.5

< 6.25

7

< 6.25

3.5

50-25

6

300

9.5

12.5-6.25

10

12.5-6.25

8.5

25-12.5

7

25-50

7

120

5

25

6.5

< 6.25

6

< 6.25

3.5

25-50

8

300

5.5

50-25

7.5

< 6.25

5.5

25-12.5

5

200-100

9

124

-

-

9

< 6.25

4

< 6.25

-

-

10

228

-

-

12

< 6.25

4

< 6.25

4

< 6.25

11

300

-

-

10

50-25

4.5

50-25

4

50-25

12

116

-

-

9

50-25

-

-

5

12.5-6.25

Kanamycine

300

14

50-25

12

25-12.5

12

100-50

9

200-100

Bs: Bacillus subtilis; Se: Staphylococcus epidermidis; Sa: Staphylococcus aureus; Ef: Enterococcus faecalis. Kanamycine
was used as a positive reference antibiotic in microwell dilution assays (Sigma).;D: inhibition diameter in disk diﬀusion
tests; MBC: minimal bactericidal concentration.

Conclusions
Diazaﬂavones are analogous to ﬂavone-type natural compounds. In consideration of the biological activity
of ﬂavones and their derivatives,4 1,4 -diazaﬂavone (2) and the N-alkyl derivatives (3-12) were synthesized
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and tested against 4 G+ and 7 G– bacteria. The synthesized compounds only showed anti-microbial activity
against G+ bacteria. N-alkylated compounds 3-12 were much better antimicrobials. The alkyl substitution
of the pyridyl ring of diazaﬂavones brought about very high anti-microbial activity, which otherwise showed
no activity (compound 2). The alkyl substitution apparently makes these compounds better able to penetrate
bacterial cell walls. In this respect, G+ bacteria were prone to the bactericidal or bacteriostatic action of
alkylated compounds 3-12, probably because of the well-spaced structure of their cell wall peptidoglycan
network and lack of a lipopolysaccharide outer layer.
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505-514.
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